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Abstract. Microbial plant filter systems with torpedo grass (Panieum re-

pens) and Southern bulrush (Scirpus callfornicus} were evaluated for their uti-

lity in adjusting pH levels and removing potassium ferric cyanide, potassium

cyanide, pentachlorophenol (PCPI and dissolved minerals from contaminated

water. The initial concentrations of cyanides were in the range of 0.72-32.8 ppm

and all were reduced to <0.2 ppm in 24 hrs with bulrush. The initial average

PCP concentration of 0.85 ppm was reduced to an average of 0.04 ppm in 24 hrs

with torpedo grass.

The total dissolved solids (TDS} in'the torpedo grass filter system were re

duced from 988 mg/L to 588 mg/L in 7 days with a 40% water loss due to

evapotransportation. Adjustment for the water loss represents a TDS removal

rate of approximately 83%.

Plant/rock filters also demonstrated the ability to adjust pH levels from 5

to near 7 in several hours.

Introduction. The rapid growth over the past few years of using aquatic

plants for treating various types of wastewate¢ is evidenced by the m_xiy pub-

lications in this area {4,5,9,10,12-17,21-45}. The National Aeronautics and

Space Administration {NASA|, at the John C. Stennis Space Center {SSC} in

South Mississippi, has been conducting research in the field of vascular plant

use for space and earthly applications for over 15 years. The initial efforts in-

volved aquatic plants in lagoons and microbial filters for treating and recycling

domestic wastewater and toxic heavy metal removal. These authors have ob-

served that several vascular aquatic plant species are very versatile and are
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capable of improving water quality in many ways. A series of experiments,

using rock filters that supported the growth of two aquatic macrophytes, tor-

pedo grass (Panicum repens) and Southern bulrush (Sclrpus callfornicus), were

conducted to remove toxic organics and inorganics, reduce dissolved solids in
the form of mineral salts, and buffer pH extremes back to neutral conditions.

Pentachlorophenol is a highly toxic phenolic derivative that is widespread

in its distribution mainly due to its use in wood preservatives and pesticides. It
is structurally persistent and is considered potentially carcinogenic when in-

gested, inhaled or absorbed through the skin. It has been listed by the U. S.

Environmental Protection Agency (EPA) as a priority pollutant for screening,
and is the subject of other degradation studies (6,7,11).

Likewise. cyanide and its derivatives are listed as regulated inorganic pol-
lutants by the US EPA with a maximum allowable quantity of 0.025 mg/L in

drinking water according to 1985 amendments of the Safe Drinking Water Act

of 1974 (18). It is primarily used in the photography industry, in the extraction

process of precious metals and as a precursor in the manufacture of plastics.

Another parameter of growing concern in our water supplies is dissolved

solids. When the total dissolved solid levels in water are greater than 500mg/L,

the water is considered undesirable as a source of drinking water and irrigation

problems are created for farmers growing certain crops. Each year, more agri-

cultural land is lost from production as a result of saline conditions caused by
irrigation. To date, approximately one-tenth of the world's 210 million ha (519

million ac) of irrigated land has deteriorated because of salinization (2}. Appro-
ximately six million ha (15 million ac) of moderately saline soft are found in

North America. Another type of salinity problem occurring in regions such as
the Mississippi Gulf Coast is created by intrusion of salt water from the Gulf

into the ground water used for both drinking and irrigation purposes.

Currently the most prominent method of removing salt and other dis-

solved solids from water supplies today is reverse osmosis. Reverse osmosis re

quires that the influent water be pumped, usually under high pressure, through

special membrane filters in order to cause the migration of dissolved sub-

stances in a direction against the natural osmotic pressure. This process is very
costly, energy intensive, and has various other problems, one of which is the
biological fouling of the membrane that decreases the flow rates and in turn in-

creases the pressure required to achieve the desired water flow. As a result of

the fouling problem frequent, time consuming, and costly membrane cleaning
must be done.

To date, biological methods of salt removal using halophytes or salt-con-

centrating plants have received little attention. However, the ability of certain
plants, both aquatic and terrestrial, to concentrate salt is widely recognized
(1,3.20).

Increased interest in pH adjustment of water supplies has developed be-

cause of the concern generated in acid rainfall studies. Research has shown that
with increased nitrogen oxide emissions from motor vehicles and sulfur dioxide

emissions from coal-burning plants, a reduction in the pH of rainfall and other

forms of precipitation is detected. Reduced pH in water supplies directly af-
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fectsdrinking water sources, irrigation supplies, wildlifeand man-made ob-

jects.

A promising, alternativeto reverse osmosis and other physical treatment

processes for water quality improvement was demonstrated in this study. The

sequential supporting experiments are outlined below.

Description of Experimental Systems. Two galvanized steel troughs {50.5
cm W x 30.5 cm D x 298 cm L), filledwith rocks (2.5-7.5 cm in diameter) were

used as microbial filters.These filterswere approximately three years old and

were well conditioned with an active biofilm developed in previous domestic

wastewater experiments.

One trough was planted with torpedo grass {Pancium repens) approxi-

mately 5 months priorto experimentation. The second trough was planted with

Southern bulrush {Scirpus californicusjapproximately 3 months prior to ex-

perimentation. Both plant species were well-rooted in theirrespective filters.

Procedure and Analyses. In the firstphase of study, pentechlorophenol

(PCP) in a methanol concentrate was mixed with freshly collected domestic

wastewater from one of the SSC lagoons in a polyethylene plastic container

that served as a chemical reservoirduring testing.The PCP-spiked wastewater

was pumped into the rock filters using Cole-Parrner Series 7141 metering

pumps. The pumping rate was controlled to allow a 24 hour retention time in
rock filters. Routine analyses were done on the samples to test for pH, dis-

solved oxygen (DOL temperature, five-day biochemical oxygen demand

(BODsI and total organic carbon {TOCJ. All analyses followed procedures out-
lined in Standard Methods (19j.

Samples for PCP were collected in glass containers and extracted im-

mediately following collection.The acid extraction of PCP was performed ac-

cording to Longbottom and Lichtenberg (8) and the concentration was deter-
mined in a Hewlett Packard Model 5880A gas chromatograph equipped with a

flame ionization detector { FID) and a HP 25 m Ultra Performance cross-linked

5% phenyl methyl silicone capillary column.

In the second phase of study, two cyanide compounds, potassium cyanide

and potassium ferric cyanide, were used individually in place of the pentach-

lorophenol for 4 and 2 week experimental durations, respectivdy. Two different

cyanide compounds were studied to determine if the plant systems would de-
monstrate a selective preference. Cyanide concentrations in influent and ef-

fluent samples were measured using an Orion 901 Ionalyzer equipped with a

Model 94-06 cyanide ion electrode. The routine analyses previously described

were also performed on the samples.

In the third phase of study, the same two plant/rock filters were used in a

batch study of salt uptake by the plants. Eight compounds, calcium chloride,
sodium chloride, magnesium chloride, potassium chloride, calcium sulfate, so-

dium sulfate, magnesium sulfate and potassium sulfate were collectively mixed

in 76L (20 galj of water to achieve a 0.01 m concentration of each salt and intro-
duced into each of the rock filter troughs. An influent sample of the salt solu-

tion was taken prior to addition to the rock filter and effluent samples were col-
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lected on a dally basis from the opposite end of the troughs. The rock filters

were drained and the salt solution was changed on a regular basis either at a 7
or 14 day interval. Testing was done daily for pH and TDS. Water levels in the

troughs were measured daily and recorded to calculate water loss due to plant

uptake and evapotransporation.

In the final phase of experimentation, the additional salt was not added

and the pH of influent water was reduced to approximately 5.0 using con-

centrated H2SO 4. The testing was maintained in a batch method and samples

were collected hourly for the first three hours and then daily for a seven day

period. Influent samples were collected prior to entering the rock filters and

effluent samples were collected at the opposite end of the filters, pH readings
were taken using a Fisher Accument R pH meter.

Results. Average data from 33 pentachlorophenol {PCP) experiments us-

ing the rock filterwith torpedo grass during a nine week period is shown in

Table I.The initialPCP concentrations ranged from 0.17 to 5.7 mg/L and the

removal ratesfor a 24 hour retention time ranged from 76.6% to 99.4% with an

average of 95.5%.

Table I. Pentachlorophenol data for torpedo grass/rock filter.*

Average Concentrations

Influent Effluent

pH 6.88 + 0.36 6.90 ----.0.20"*

DO, mg/L 3.3 ± 1.3 4.1 ± I.I

Temp, °C 24.0 -b 4.8 24.5 + 1.6

BOD5,mg/L 115.5 ±46.5 22.5 _.+ 11.2
TOC, mg/L 65.5 "}-19.0 28.3 -}- 5.9

Pentachlorophenol 0.85 -}- 1.2 0.4 -[- 0.03

(PCP), mg/L

*Average data from 33 experiments
**Standard deviation

The efficiency of a Southern bulrush aquatic plant marsh filter to remove

potassium cyanide and potassium ferric cyanide from water contaminated with

these chemicals is shown in Table 2. The initial potassium cyanide concentra-

tions range from 0.2 to 6.35 ppm while the levels of potassium ferric cyanide

range from 3.5 to 32.8 ppm. Within a 24 hr period all cyanide levels were re

duced to below detection levels of 0.2 ppm. No difference was seen in the tor-

pedo grass/rock filter's effect on the two different cyanide compounds.

In both the pentachlorophenol and cyanide studies, the plant/rock filters

were very effective in improving the water quality according to the routine

analyses that are also listed in Tables 1 and 2. Based on the averages of the col-
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Table 2. Cyanide data for southern bulrush/rock filter.

Average concentrations

Influent Effluent

pH 7.08 "F- 0.38 7.06 "F" 0.21"*

DO, mg/L 3.7 -F- 1.0 4.2 -F- 1.0

Temp, C 26.1 -F- 1.5 25.4 + 1.0

BOD 5, mg/L 85.8 -l- 43.3 16.8 -t- 10.8

TOC, mg/L 65.0 -F- 22.1 21.6 -F- 5.8
Potassium 3.0 + 1.8 <0.2 + 0.0

cyanide, rag/L*

Potassium 12.6 + 10.3 <0.2 + 0.0

ferric cyanide, rag/L***

*Average data from 14 experiments
**Standard deviation

***Average data from 8 experiments

lective data of each study, the pH readings of influent samples were buffered to

a more neutral pH of 7 and dissolved oxygen levels were increased on an aver-

age of 0.5 mg/L for the bulrush/rock filter and 0.8 mg/L for the torpedo

grass/rock filter. In both filters the average BOD 5 and TOC were reduced

significantly.

The ability of Southern bulrush and torpedo grass marsh filters to remove

........ :- total dissolved solids {TDS) in the form of calcium, potassium, sodium and

magnesium chlorides and sulfates is shown in Figure 1. These two aquatic

plants were similar in their ability to remove dissolved minerals from water.

Greenhouse studies demonstrated the potential of salt-tolerant plants such as

torpedo grass and Southern bulrush for removing dissolved minerals from

water. For each 1.5 m 2 of plant/filter surface area, approximately 2.5 g of dis-

solved minerals can be removed during the first week. In studies extended be-

yond the first week, a continual removal of the dissolved minerals did grad-

ually occur until the plants reached a near saturation level. Therfore, it can be

concluded that frequent plant harvesting will increase the mineral removal

rates. Greenhouse observations suggest that 8- 9 week harvest intervals should

be maintained during the growing season. It can also be noted from data not

shown that pH levels in both plant/rock filterswere reduced from an average

pH of 8.1 of influent samples to 6.5 of effluentsamples within 24 hrs.

Bulrush marsh filtershave also demonstrated the abilityto adjust pH

levelsfrom 5 to near 7 within 24 hrs as seen in Figure 2, This effectcan also be

seen in the pH results of the torpedo grass marsh filter,indicating that both

plants have the abilityto tolerateacidicpH conditions. In both filters,the buf-

feredpH of approximately 7.0 was maintained throughout the 7 days of test-

ing.
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